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W E: [¥%]1 #FwEEFL B (aflatoxin By, AFB)R &4 AL It B RiE ) A FEFZ—,

BRI BK. BEAIRIE RS, A LA R AP S A, & TR R
B B4 5 BRI AR R Bk T B RN KRR AR, PO B BRIE R T R R
#A AFB 89T A, (B 891 L TRE X E (Armillariella tabescens) ¥ 49 BEERIL 2 B AAKR297, 1A
AR BEBRIE R B ALAKR297 #F AFB, 948 4AE . (55 % 1 127 TRIzol R E K H 698 RNA, R
& O IR I IR AE & A cDNA K% ik #, 4 (rapid-amplification of cDNA ends, RACE)#% R FKI
BABRIL R B ALAKR297 J Bl 4K 5, M EEIRIT R 5 AAKR29T $9 R AR %, M &4 BAT &R
VAT AL, FATEEE /A A BEF R AT, ££ pH 8.0 é}ii‘%ﬁ‘ ZF, FEAERL BB AAKR297 5

AFB, R E 12 h, )ﬂ %ﬁiﬁi#ﬂ E LT R A6 AFB, ZEATA M, B PER RAD & - Jjﬁlib(ﬂﬂﬂh
AT 1 R L5 B R E IR HE 694 K AtAKR297 ;Rl A EKEH 894 bp, AL

297 SRR, pET28a(+) AtAKR297 Jf #2.45 N K 4T H (Escherichia coli) BL21(DE3)% £ # F, 5
I F &K Pt B 5 MR AT 4. AtAKR297 69 3R 3E R iR B A 20 °C, RiE R A pH A A 8.0;
& 15-50 °CEA AT o982 v, T FH 30 min B87% T £ 5 60%VA L; £ pH 5.0-8.0 LA &4F 6944 €
M, ME 2hBEE T fAF 75%A B, BRERLE R BE AtAKR297 5 AFB, W48 A A RS A 4R E T
AtAKR297 #£4EH F AFB; (&R#t NADPH), 4§ AFB, if R 4 & M &K 49 % w & & B% (aflatoxicol,
AFL), &= #49F XA CiiH1406. [48 ) RAMBRE IRE F 514 BFRL R Bs 2 A AtAKR297,
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FA T B A BAER L R BEE M6 AtAKR297 49 R A% Rk % % . AtAKR297 /£ NADPH &4 /&£ T fe %
AFB, if & A F M &K AFL.
XHRIR): BRERIE RBE;, W EHE; ALY
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Abstract: [Background] Aflatoxin B1 (AFB1) is one of the most potent biotoxins discovered to
date, posing threats to the health of humans and animals by contaminating various crops such as
peanut, maize, cotton, and chili pepper. Given that aldo-keto reductases can detoxify a range of
aldehydes and ketones by reducing them to less toxic alcohols, it is hypothesized that these
enzymes may have the potential to convert AFB1. [Objective] To investigate the role of the
aldo-keto reductase AtAKR297 cloned from Armillariella tabescens in the conversion of AFB:.
[Methods| The TRIzol method was employed to extract the total RNA from A. tabescens, and
the full-length sequence of the AtAKR297 gene was obtained based on the peptide information
from proteomic analysis and RACE. An expression system for AtAKR297 was constructed, and
the expressed protein was purified by affinity chromatography. The enzyme activity and kinetic
properties were then analyzed. AtAKR297 was reacted with AFB1 in a buffer system at pH 8.0
for 12 h. The residual AFB1 was determined by HPLC, and the conversion products were
identified by high-resolution LC-MS. [Results] The full-length AtAKR297 gene from
A. tabescens was successfully cloned, with a length of 894 bp, encoding 297 amino acid
residues. The recombinant plasmid pET28a(+)-AtAKR297 was transformed into Escherichia
coli BL21(DE3) cells for induced expression of the target protein. The enzymatic properties of
the expressed protein were then characterized. AtAKR297 showed the highest activity at 20 °C
and pH 8.0. It showcased good thermal stability at 15-50 °C, with the relative activity
maintained above 60% after incubation for 30 min. In addition, AtAKR297 demonstrated good
stability at pH 5.0-8.0, with the relative activity maintained above 75% after incubation for 2 h.
The MS results of the interaction between AtAKR297 and AFB: showed that AtAKR297
reduced AFB1 (dependent on NADPH) to less toxic aflatoxicol (AFL, C17H14O¢). [Conclusion]
The aldo-keto reductase gene AtAKR297 was successfully cloned from A. tabescens, and a
prokaryotic expression system with aldo-keto reductase activity was constructed. AtAKR297
can reduce AFB to less toxic AFL in the presence of NADPH.

Keywords: aldo-keto reductase; aflatoxin; conversion product
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FLOH OB R EH AR T s R
(Aspergillus) . %% #% 71 & (Alternaria) . #it JJ &
(Fusarium) 17 & [ (Penicillium) &5 7= 4= B Ik 9t
R WF5ERM, 2R 60%-80%M1EY 2
P PP RGN WS R R M IR R
%, mWilhsmR FEheihEsmay a4,
BTG Y A L EOK L BRI U SEA R A
Yy, XF NZERhY) R ™ R, B
A vrii kB e o0, HiiCAaEA 20 Fh
M2, Jaih, &ER% 45 2 025 h
HErRIGY, H &7 K B, (aflatoxin B,
AFB)). #5872 B, (aflatoxin B, AFBy), %
Hh &7 2% G (aflatoxin Gi, AFG)) M I & EE R
G: (aflatoxin Go, AFGo)f5c A& WL H A A&y, &
I S B8 A7 7E . AFB B EEtE R, B
AE5 DNA 45 & I el As Joah i) S 8O R #
I 985 5iE A 5% ML A4 (International Agency for
Research on Cancer, IARC)¥; 5 Hh & 7 % B 4l
RN 1 KBURDP 3R ER T X DL
WA E, EESMERENARK, FrLlmE
Il 5 =R A 7 i i B B R T e g iR it 2
220 5 [R) R

W fE R R — RIVBIR I G R AT E
Y1, AFB, 21 8 1 D Re A Z kIR FR rh C8=C9
WM, AFB U K, AU FAERAETE R,
PG TFRAAEA LA RIS, B R AR
M, BIEEAE S IEL(>100 °C) T A 23 & 2E # B
XTEW/D s SSRGS T E
KEERS, JCHOEAEA AL G S . 2T R
B, AFB, YU FEEE IR P A A 2R P450
(CYP450) I TE K AEAE R, 7E AL BB RITER T,
AFB, # 8% 4b hiEtE 8,9- & kW, %A1k
Prkt DNA HARERT, B 8,9-—4-8-(N7-1%
H)-9-F£ L -AFB, (aflatoxin B;-N7-guanine, AFB;-
N7-Gua) &4, H B A 95 208 s 1
L T B ICEERS A7 57, i AFB1-N7-Gua
TGP | e Y 32 22 98728 & W i R R n 65
s G—T @i, Pl XFhRAR 52 m

R RE FOBREE XS 7 &, 7E pS3 Mg 4100 i I DR 2% 4 1
249 M5 AL I, TERE X TRt & iR
Tk R ML DX R A TR SRR, R
AR E WP, AFB Al S RNA sl
JETE WA 914545 DNA FI RNA,  JE i 500 3
B A

R AFB1 15 345 0L (6 UV B
el . ORTE | SEE T ARR Co® A Th Y 4k 5
FORMEIR AFB, Z544) . A2 32 (10 5 48 Ak 550 an
FARM ZEALA, DA PR A1 R SR AE ) $E HL
Yy, 77 B e B AFB, 25 ) S
A2 B e A ik (R R RSCAE ) A AR S5 0, 38 2o
AR E R VE FH A% b AFB) 2544)4. A9
BN R — R IR AR i, SR
PEFIAR S, RO 1000 B A A O [ R T B
B, EE A )7 (aldo-keto reductase, AKR)
HERBEET R 16 5K, A5 190 T
Bu, 3K SEERE 8 I I QIO | A [ L R A
GIRRER . LB LTRSS RS, AKR 38
H I 34-37 kDa B, 4Kt NAD(P)H 19 % 1L
AN AKR #EA AR ) ) & 1 T & A
fiE, B) =R ARG TIM AR ek (a/B)s-H, AR
SWETHA R, XERRE TR R 5%, B
HA PRSI 725 550, Hoh & T AKR7 &
W W B R Ba- B IE I O B IE S R K
AFB-ZR 5l AFB- 14

A S 5 = g A 5T R BT — FK BB B R
AFB; B Z A & (Armillariella tabescens), F: M
s T R AR TEHAT %L AFB,
FIRE AR R AR TOR P E A, BT o1
ik 35.5 kDa [WPERRIEJFEHE FA 5510 AFB, 11
YERUCL, Aot i 70 A tabescens Y2 )i
4, %E HABATRES 5 AFB: BRI AKR, FH(HH
VROHH €2 3% - o 3% B A (liquid - chromatography-mass
spectrometry, LC-MS)H; R % AKR ¥4k AFB,
FIr=9, LIBAA B FIR AJE# A tabescens X AFB,
HIREFRPLE , I I LB AFB, B A 3R g 4 it
2%,
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1 AR5 7
1.1 #m

Armillariella tabescens . K #7 #F
(Escherichia coli) DH5a. K4 # BL21(DE3)
K pET-28a(+) ik, SL % (R A7
1.2 EFE. TERFIMUSE

TR BRI (g/L): TR IR 200.0, Hi%
B 20.0, -LOKBRAREE 1.5, BERR —E4H 3.0, 4K
ZH#r 10.0. 1xPBS: NaCl 8.0 g, KC1 0.2 g,
Na,HPO,- 12H,0 2.90 g, KH,PO4 0.24 g, FHZEIR/K
EARZE 1L, ¥4 pH 7.2-7.4., AFB,, Romer [F5
AL A PR 7] s SMARTer™ RACE cDNA 4
A&, Clontech 2y H]; 3'-Full RACE Core Set
with PrimeScript™ RTase FlI pMD™18-T Vector
Cloning Kit, TaKaRa /AH]; T4 DNA i, [
PN DIBEFT DNA 2ifbiGRl &, NEB 2Anl; it
KR Busn &, KRR L) A RA R ;
HisTrap™ excel 3£ Fll4E, Cytiva /2] ; HA b2
BRI E oM el AWEsE R 5 | AL
W EEERRAEY) TRAE R A VG AL, 5113k 1
JIE7R o RO CIE RN = 73 BE BT {X, Thermo
Fisher Scientific /A7l ; EiE% % 25041, Beckman
Coulter 73w ; 8 R R AR o 3i- A A [a] BT it A
{¥ (ultra-performance liquid chromatography coupled

to quadrupole time-of-flight mass spectrometry,
UPLC-Q-TOF-MS), Waters Z\]; H# I 400K

FEBL, TR0 2 AR R A R A ] R4l

F=1 AtAKR297 EERERIS|H

AANFIZEFZHTHE, GE Healthcare /A F]; IR
VKA VL URA, AR SR AR A B2 i (i) A RR
/TS
1.3 BEFEEAEERNRERIE- &
BX B iZ BX A (Liquid Chromatography-
Tandem Mass Spectrometry, LC-MS/MS)
EEED

{iff P Eh 85 B G SR LT 28 °C 180 r/min $R35
SRR G R AR R PR A A, A PBS 22
MRS VKR A (TAE 55, [HIFE 10 s) 30 min #F
FFUERE, 4 °C. 10 000 r/min 5.0 10 min J53KH
M, JEEAT AR IR AT, AR S Y
KRB AR AE 0.1%H B /K, 1 B = 20|
A HR IR 1 43 BT 1S A i ) YR TS K FH R 4 % g
e KB AT S E , IS E T R AR
FHEABRA A S BUG AT : (1) AiktE.
Trap column, 100 pumx20 mm (RP-C18)., Analysis
column, 75 umx150 mm (RP-C18). (2) Vizh#H:
A: 0.1%HER-/KIFW; B: 0.1%H ER-80% N7k
VWL A 300 nL/min, (3) —ZRIGS4L: 7E
'z 200 BF43 3%k 45 000, A s 25456 H
oA 10°, e REESTETE] 50 ms; 4 RiE S
B o HER R 15 000, AT Hish 10°,
i K 5B E 50 ms., ff A OmicsBean
(http://www.omicsbean.cn/)ZH 2~ 5 ¥4 5 UniProt
BB FE (https://www.uniprot.org/) % i 1% H 1Y 25
FETT T R AIK (Gene Ontology, GO)IIHET:
B AT If TS SO A Re .

Table 1  Primers for AtAKR297 gene cloning

Primer Sequence (5'—3")

AtAKR297-F CCGGAATTCCGGGGAACATGGAAACTTGGAAAYGGNGAYGG
AtAKR297-R TTTATAGCGGCCGCATATTTAGCCTCTGTTTCATTTCTGTAGCWYTGNGC
10xUniversal Primer A Mix CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
5'RACE GSP CGACAGAGATTGCTTGGTCAACCTGGGA

3'RACE outer primer TACCGTCGTTCCACTAGTGATTT

3'RACE GSP ATCTCTGTCGGATTCAACCACTTT

AtAKR297 full-length F
AtAKR297 full-length R

CTCCAGGACTTCAACGAGATGC
CATTGTGAAGGCGGCTCGTCTC

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WHET S| R IR R B AtAKR297 Tl ik M 6t AFB, #401E 2207

1.4 BEFERBRERTEEEENE

fii ] TRIzol AR BUR AT E RNA, R
P HE 1 BT AR R B AR B BT RIIER 1 (R 1),
AR ALAKR297 LA g 8] i B . PCR RN AR R
LATag (5 U/uL) 0.5 uL, 10xLA Taq Buffer IT (Mg?**
plus) 5 uL, dNTP mixture (2.5 mmol/L) 8 uL, I,
U514 AAAKR297-F il AAAKR297-R (10 pmol/L)
& 1 uL, UM REE PR RNA S M cDNA
(50 ng/uL) 5 uL, ddH,O #M&E 50 uL. PCR I
4. 94°C 1 min; 94°C 10's, 60°C 155, 72 °C
90 s, 30 MEF; 72 °C 5 min, FHHEH ] A EE
1) )7 51 Fl RACE i Rix it 5RACE 5|#)Hl
3'RACE 5|9, ifizd SMARTer™ RACE c¢cDNA §~
B3 ) £ BB ALAKR297 KL K] 53 R4 il 373 e
§ . 5074 PCR WA %R : SeqAmp DNA
Polymerase 1 pL, 2xSeqAmp Buffer 25 uL, it
5|4%] 10xUniversal Primer A Mix (0.4 pumol/L)
5uL, R34 5SRACE GSP (10 pmol/L) 1 pL,
PA 5'-RACE-Ready ¢DNA (100 ng/uL) 2.5 uL A
Bt , ddH.0 #h 2 50 pL; 5%/ PCR S0 4%
. 94 °C 3 min; 94°C30s, 68°C30s, 72°C
1 min, 25 MEH; 72 °C 3 min. 3'%HF4) PCR
FWRZ: LA Taq (5 U/uL) 0.25 pL, 10xLA Taq
Buffer I Mg** plus) 5 uL., INTP mixture (2.5 mmol/L)
8 uL, 3'RACE outer primer (10 pmol/L) 2 pL,
3'RACE GSP (10 pmol/L) 2 uL, LA 3'-RACE-Ready
cDNA (100 ng/uL) 2.5 pL MHHR, ddH,O #b /2
50 uL; 3"fF51 PCR S 251 : 94 °C 3 min;
94°C30s, 55°C30s, 72 °C 1 min, 30 M5 ;
72 °C 3 min, NI PFHER1F ALAKR297 (14K 2
41, 3 i ORFfinder B4 112 3 K A T
TR IR REHE .

ff F§ ExPasy-ProtParam _I. H: (https://web.
expasy.org/protparam) FoUI 2 1 Jo ) 3 AR B
i F§ ESPript 3.0 (https://espript.ibep.fr/ESPript/
ESPript/)iff 17 2 5 L XT. ffi ] MEGA 11 3R {4148
FETL(1 000 I AL D ERFE LB

54

B R AR TR BR A F A
3K iUkl pET-28a(+)-AtAKR297 #:1k %] E. coli
BL21(DE3)E&3Z &40l . A ANBL7E LB i 57
$Er 37 °C., 150 r/min 5555 % ODeoo 4 0.6 B JIIA
0.1 mmol/L IPTG #7315 5%, 20 °C., 150 r/min
5L 20 h, 4°C. 5000 r/min 2.0 10 min
WCERTRAS, TR A4 A FH 22 ool o 8 I 3 3ol oK i
A (TAE 5 s, 8] F& 10 s) 20 min JEF 7GR AL FH
4 °C 12 000 r/min &> 10 min FRA5 M N HLEF ;
ff F HisTrap™ excel % FlAE4lifk & 40 & M
AtAKR297, Ji1#% % 500 mmol/L NaCl ] 50 mmol/L
Na,HPO4-25 mmol/L #7152 2% i (pH 8.0)i 17
V-, HEA AR E @, 16, 30 Fi
100 mmol/L) Y P& Mt 2 g A 7 B, V0 15t v
5 TR RO M BT, 8T SDS-PAGE
1 Western blotting Al B i) 8 1 B R IE N 00,
fdi FH Bradford I 10 8 £ 1 Bk BE
1.6 BEEIE NN REEE MR

AtAKR297 4 J5E il 38 o X5 ) 4-fil B
[ (4-nitrobenzaldehyde, 4-NBA)RJVEFH =4 fiE2s
o3, IFPERERE I SRR R R NGEnS —A% T IR
M2 (reduced nicotinamide adenine dinucleotide
phosphate, NADPH)#% 1k 1% 28 1k 75 478 Pt Jrig A ne
W — B R B 2 (oxidized nicotinamide adenine
dinucleotide phosphate, NADP"), Jz W& &k
2 mmol/L 4-NBA |, 50 mmol/L Na,HPOs-25 mmol/L
FrEE IR 2% vh i (pH 8.0). 0.2 mmol/L NADPH
N B, 8 L I 340 nm Ak 2% A2 il
SH A N P TR 3 D T 1) T I ) o

TE SN ZR T BB AN A SO BE (15, 20,
30, 40, 50 &% 60 °C))ii 5 min, FAHCH)
AtAKR297 itFi , LA E ficid SO0 EE . ALAKR297
R E M L #E 15, 20, 30, 40, 50 J% 60 °C
S 30 min J5 IR AR TS MR E . DIORIETT
AL PR E) ALAKR297 1 4 5% e

1.5 BEEEIT R E R FE AtAKR297 fI3R A
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T frcid S I B i S T] pH (pH 5.0-9.0)
(A 2 b I TS, LA E ol pH, Hidp pH
5.0-8.0 {#i 1 50 mmol/L Na;HPO4-25 mmol/L ¥7
B, pH 9.0 2o ] 50 mmol/L H 4
2-NaOH 2% mPifi . AtAKR297 1Y pH Fa g ki it
TEAE pH (pH 5.0-9.0)AIZ& vhi 4 °CHFH 2 h
Jo W R A TR PSR W S, AR AT AR FR
AtAKR297 1EMSTRE, LU EXSEE 3 A1 rdl it
ke,
1.7 AtAKR297 5 AFB, 8 E{ER Rtk
PRI E

AtAKR297 5 AFB; A HAE F VK A -
50 mmol/L Na,HPO4-25 mmol/L Fr& e 2% ik
(pH 8.0). 100 ng/L AFB;. 0.3 mmol/L NADPH
A10.1 mg/mL AtAKR297 fiff i, 25 °CJZ v 12 h,
PLR G dEAE SR X BRE {5 P v 80OR £ 3
1O 5% 4y AFBy, B5Hh C18 kil , i
24 0.8 mL/min, UK 365 nm, KHHEK
Jy 425 nm, FE¥E 40 °C, FEREAFH 30 uL, Wi
S LR 2,

6t R o BB 2 - A T S ) J S E FH A
AT REAL T % o TS H A Waters ACQUITY
UPLC BEH C18 #f:. i 4 0.3 mL/min, #Eily
35 °C, #EFEARRUA 1 pL, UV Bl R 254 nm,
TLBIAARREE DL 3, B RAEMATH ESI+MSE, fill
FERE VIR 2040 V, SREERIA 50-1 000 m/z,
{8 B UNIFI R ib A7 22 S 4l 4 b o

&2 AFB &NRENEHE
Table 2 Mobile phase gradient for AFB; detection

Time Ultrapure Acetonitrile =~ Methanol
(min) water (%) (%) (%)
0.0 70 20 10
10.0 25 75 0
10.5 0 100 0
15.5 0 100 0
16.0 70 20 10
20.0 70 20 10

2 ERS594

21 BREFEE®REAEEHDH

Xof {15 25 B A 40 M PN B LA T AT, RS
HH I P T I DA LRV 1 B P B0 365 4, R
Hi) 268 A AT T UIRE T, KB 4 4
HLA B SR T, 48 3 D UhREH
P A JE AT 1 AT WA SR VAR G .
WS s B 2 BEK BT AR BL(N—C) :
[R].NETEAGIAIR.[E]. [K].LGNGDGPISQVDQ
AISVGFNHFDTAQSYR.[N].

2.2 BEEEEEREEE£ K cDNA FIIRRE
545

FIIH TRIzol 72 HUER 2 PR ) RNA , 231
JIEHE B Jie i DK ARG ) S 7% 28S L 18S £%lF T, IF:
H¥%A DNA f757%, OD6o/ODaso Ky 2.0, WA 1
FITR o

R3 BeMREEIE-ITHIEFRIEKAORE
LA
Table 3 Mobile phase gradient for UPLC-Q-TOF-MS

Time (min) Acetonitrile (%)  Ultrapure water (%)
0 25 75
4 75 25
5 25 75
10 25 75
bp M 1

1 REIE RNA BXE
Figure 1  Electrophoresis gel of RNA from
Armillariella tabescens. M: DNA marker; 1: RNA.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WHET S| R IR R B AtAKR297 Tl ik M 6t AFB, #401E 2209

MR 4 o i 46 5 B A R B e 1 BT 5 [0
3 AtAKR297 JE K R i BE AR 1T 91 (K1 2A)
A A5 2 A R A BRI R 1y 51 i 1T S'TRACE
BRI 514 S'RACE GSP Fl 3'RACE F{1E [ 5]
¥) 3'RACE GSP, i if SMARTer™ RACE cDNA
P14 EGR S AR 2R/ N 500 bp 1Y) 55T
H1I(F 2B)FIZ) K 800 bp Ay 3341 (F 2C) (1%
I L UK At ) 250 D AR R SR ), 4
BE 2 FR.

W IR By g . 5T A K 3 A Bt
RS AtAKR297 KM, #if ORFfinder
T 25 DR s B S AE . ARE SN ORF X
P A BT e K 519, Xz 4K ORF #17
PIIEMT, R ERRGHEK AtAKR297
AN 894 bp. i ExPasy-ProtParam T.H
(https://web.expasy.org/protparam)Xf AtAKR297 £
FIEE P R E T 200, AtAKR297 Zwft 297 4~
AR, BUWAXS>F RN 31.9 kDa, %
Him, 6.65. FTRATsaBEEI AKR JoikHZEE
RILM) 16 T~ AKR K, S TR, DI
RARRRBCE TR, B fr 440 AtAKR297,

i F§ NCBI ) BLAST #2717 1 AtAKR297

A B
bp

&2 AtAKR297 EEMIE M.

QIR T A0 X, 455 Bos 5 AtAKR AL
AR R OE & W A BIKCE 2 W (Armillaria
solidipes). = A& A (Armillaria gallica), %
HE(Armillaria mellea) | Jt 75 % FR T (Armillaria
bor eali s) fr) i i i i g, AR LI 23 514 90.88%
90.54%. 87.84%% 85.28%, j[AlJET A tabescens
) AtAKR H A 30.66%AHIYE, J7o x4 R
VLI 3 FE7s o ffi ] MEGA 11 34 0 414 v+ 4
AtAKR297 IR G L BW, WK 4 iR,
2.3 BRI RESEE AtAKR297 By F R
RIEEA4UHER

R T iR R EA S AtAKR297
5 AFB WAHEAER , B8 K #F# BL21(DE3)
VERFBTE WM TA SR 7R, R EE
PRI IRAF M N 5y o ] HisTrap™ excel
WA SR MUZAT H T, BB R i
Jy 8. 16,30 1 100 mmol/L, 3147 SDS-PAGE
1 Western blotting, Z534nE 5 FE 6 iR,
100 mmol/L V&M 41+ 7E 4y 32 kDa 4 H Ay
AtAKR297 H B 5 H (& 5). fe s BNl 25 1 B oK,
1F 28-38 kDa #b# AtAKR297 HAE (K 6
ik TR

DNA marker; 1: F'#8H Bt; 2: 5'RACE K Bt; 3: 3'RACE H B,

Figure 2 Amplification of AtAKR297 gene. M: DNA marker; 1: Middle fragment; 2: 5S'RACE fragment; 3:

3'RACE fragment.
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90 100 110 120 130 140 150 160

3 AtAKR297 5HRIFHEERNSRENFTIEEXT  PIISFREK A A EYRI AKR 535
(PBK66007.1 2 [ B [CE PR H ; PBK89673.1 2K A 5 /5 % IR ; KAK0186361.1 2 F 2 ¥R ; KAK0430251.1
kAL IR ; AAKR Ok AAYIFR) s BB SR ZUIEIRIR I — U8, HEN P91 i BEORAT 41
Figure 3 Sequence alignment of AtAKR297 with aldo-keto reductases from other sources. The sequence
names are accession numbers of AKR from different species (PBK66007.1 from Armillaria solidipes;
PBK89673.1 from Armillaria gallica; KAK0186361.1 from Armillaria mellea; KAK0430251.1 from Armillaria

borealis; AtAKR from the current species); The amino acid residues with black backgrounds are consensus
sequences, and the sequences within the boxes are highly conserved sequences.

2.4 BEERIE EEEHOBE S M TR 54 FTEERS 75%0) E(H 7D).

7E 50 mmol/L Na;HPOs-25 mmol/L #7Hiie 2.5 AtAKR297 5 AFB, #8EEF K 7=4)
ZE WA (pH 8.0), 0.2 mmol/L NADPH HI%AF T,  434F
Ll 2 mmol/L 4-NBA JJiEH), M%E AtAKR297 /i fE 25 °C pH 8.0 %% fF I AAKR297 5 AFB,
W, SSOERERERLR, AT MAKR29T R, AR LU A R R AR ) AFB,
T FIOHE T30 0.935 Ung. WEEME  Sr Rl AT i, 45 JLAn el 8 TR . AT % B
TR, AAKR297 FORLERARIEY 21, AAKR297 S RE1Th AFB: & i FIE, I 4
20 °C (Kl 7A), fo& i pH {E29 8.0 (181 7B); i BT —BERL ™ Hik
BERa PGS R TE 15-50 °CHAT R R i 4 S B4l UPLC-Q-TOF-MS 4
Ve, W ATLERE 60%0A b, MBFERAEIRE R WA 1R TE B TR R, B
60 °CIF, FHEGUR FHE(AE 70); pH RAEMEL:  4URI AL RER I BB W] A9 AFB, 415,
RBIRTE pH 5.0-8.0 LA BHIFIORaEE, BHE 55K 9A FiR, KN 4LRIER T AFB, 4
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Figure 4 Phylogenetic tree of AtAKR297. Each entry is the species or genus name; The GenBank accession
number of the sequence is in parentheses; The values on the branches represent bootstrap values.
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5 AtAKR297 ER 4Lk SDS-PAGE
M: Protein marker; 1: FFAFEN:; 2. 8 mmol/L BK
WEYEBEIA s 3: 16 mmol/L BKMEPEMEIE; 4: 30 mmol/L
EMEGERRIE ; 5. 100 mmol/L DRI % i i

Figure 5 SDS-PAGE of AtAKR297 protein purification
elution peaks. M: Protein marker; 1: Loading
sample; 2: Elution peak at 8 mmol/L imidazole; 3:
Elution peak at 16 mmol/L imidazole; 4: Elution

peak at 30 mmol/L imidazole; 5: Elution peak at
100 mmol/L imidazole.
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6 AtAKR297 ERMREENE M: HJZE
#E marker; 1: VEBEUE(HT K TRl AtAKR297).
Figure 6 Western blotting of protein AtAKR297.

M: Western protein marker; 1: Elution peak. The
arrow highlights AtAKR297.
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7 AtAKR297 BEFMEROH  A: FiE VR B: f&I& N pH; C: HEREMENE; D: pH

e PN AE

Figure 7 Analysis of AtAKR297 enzymatic properties. A: Optimum reaction temperature; B: Optimum
reaction pH; C: Temperature stability determination; D: pH stability determination. Data points represent the

average of triplicate measurements.
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Figure 8 Chromatographic results of AtAKR297 reaction with AFB;. A: Chromatogram of AFB; following
12 h AtAKR297 treatment (dashed line) and control treatment (solid line). The fluorescence absorption peak of
AFB; and suspected product were marked by arrows, respectively; B: Residual AFB; following 12 h AtAKR297

treatment (white) and control treatment (gray). The histogram depicts the average of triplicate measurements and
error bars represent the relative standard deviations (**: P<0.01).
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Figure 9 Mass spectrometry results of the substrate and product of AFB; transformed by AtAKR297. A:
Mass spectrometry results of the substrate AFB;; B: Mass spectrometry results of the product.
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